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P R E FACE

The planninq and management of urban water resouruce: ir( Inc-r'<. i

constraiined by primarily four major forces. First, there are_ eviroi.: I.

constraints in the procurement of additional supply. Sncord, d I, w , i.

problems have been created with the passage of recent aw; and rt.';I i, i,.

Institutional and legal problems of interbasin transfers hav ; r(l if, ',t -,

and public conc rn for environmental quality has resulted in the !.w :I-

slation, such as the Federal Water Pollution Control Act Arnendmi :,I 1 A7.')

the Safe Drinking Water Act of 1974, and the Clean Water Act e: 11'77. Th Id,

the costs of water resource development have been rising rapidly, (xa,:rLat-.d

by an increase in energy costs and the costs of money. Fourth, the demand

for urban water continues to rise, especially in those urban areas experien-

cing rapid growth as the southwestern United States.

One consequence of these trends has been the need to develop new tech-

niques of planning and methods of evaluation, such as the formulation and

recent revision of the Principles and Standards for Planning Water and Related

Land Resources by the U.S. Water Resources Council and the Planning Process:

Multiobjective Planning Framework by the U.S. Corps of Engineers. More re-

cently and specifically has been the development of a methodology to evaluate

the role of conservation in municipal and industrial water supply planning

which has served to broaden the focus from supply-side measures to include the

potential opportunities of demand reduction.

The potential savings from precision in estimating future urban water

use are obvious. And, because of the need to measure the effectiveness of

potential water conservation measures in order to evaluate the role of con-

servation in the development of an urban water supply plan, new and more

responsible approaches of disaqgreqated demand forecasts are mandatory.

i



The purpose of this volume is to provide fiela planners with the current-

ly available arid relevant literature on forecastinq demand of municipal and

irdustrial water. This volume consists of a detailed abstract of 83 journal

articles, books, thes:es, dissertations, or re.scarch ruIorts: only those

sources considered meritorious nd useful have b(n selected.

We wish to acknowledqe the suqqestient.! and quidanis, by the members of

the OCE Water Conservation Task Force in the proilaration of this volume.

iii
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1. Anderson, William B. "An Economic Approach to Water Supply Planning in

Southeastern Virginia." Ph.D. dissertation, Virginia Polytechnic

Institute and State University, 1978.

The author has performed cost-benefit analyses for the provision of

various levels of water supply for 4 Virginia cities. The analyses utilize

water-use projections developed by the United States Army Corps of Engineers

through the year 2030 and estimates of water-use demand elasticities obtained

from the literature.

2. Andrews, R. A., and M. R. Hammond. Characteristics of Household Water

Consumption in Three New Hampshire Communities. Durham: Water

Resources Research Center, University of New Hampshire, December

1970.

This report presents the results of a residential water-use study based

on billing records and interviews of 361 households in Durham, Epping, and

Portsmouth, N.H. Average daily per capita water use was found to be 42, 52,

and 59 gpcd for these cities, with standard deviations of 22, 26, and 22 gpcd

respectively.

3. AWWA Committee on Water Use. "Trends in Water Use." Journal of the American

Water Works Association 65,no. 5 (May 1973) :285-99.

This article reports and discusses the results of a survey of water-use

data for 94 individual utilities across the United States during the period

1960-70. The purpose of this analysis was to assess current trends in customer

(household, business establishment, industry, etc.) water consumption in order

to assist in the projection of future water requirements.
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The total customer water-use data for each utility were disaggregated

by three customer categories, i.e. residential, commercial, and industrial

or larger nonindustrial customers. In the next step the data were spatially

reagqregated into eastern and southern, central, and western regions of the

United States.

Total overall average water use (expressed in gallons per customer per

day) for all areas was found to be increased over the period of investigation

for all customer categories.

4. AWWA Committee on Water Use. "Review of the Johns Hopkins University Research

Project Method for Estimating Residential Water Use." Journal of the

American Water Works Association 65, no. 5 (May 1973):300-301.

This article reviews the 1966 John Hopkins University residential water-

use research report for possible practical application in estimating average

and peak residential water use in individual communities.

The committee's conclusion is that the applicability of this method for

estimating total future residential water requirements of a particular city may

be subject to question for a number of reasons mostly related to nonavailability

of all required data. It recommends further research on its application.

5. AWWA Task Group. "Study of Domestic Water Use." Journal of the American Water

Works Association 50, no. 11, (November 1958):1408-18.

This paper presents the results of the study of the AWWA Task Group on

the effect of climate and family income on residential water use for the period

of 1936-56, based on the data for 113 water systems in the United States.
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The authors were primarily col, :krned Witin doily vAriution; il ('.k .,nd:;,

since these parameters are of basic importance ill des iqlill( wqter-XW] ',::t sri

6. Batchelor, R. A. "Hous-;hold Technoloqy and the Domestic Demand for Water

Land Economics; 51 , no. 3 (Auqust 1975) :2(18-23.

In this paper an analytical model of hous;eilold water demand is (1v' le:

which takes account of the accumulation of water usino duirable soeds<.

The author proposes a demand function of the form: x i  4,-,,b )

T aiAf (WiNi,P i pbi) where x i = total water use in household i (anrual);

Wi  wealth of household i; Ni  number of occupants; Pi = price of

water; aij = binary variables indicating the presence of absence of the ap; ]iance

used in each activity yj EvT, where yT represents the set of activities Yi

liable to appliance innovation; bi = vector of binary variables indicatino the

presence or absence of certain static technological features (such as existence

of inside baths or toilets, etc.). The g and Af. stand for functions relatinq

total and incremental water demands to the above listed variables; Af. relates to

the activities due to the presence of "dynamic" technological features. Both

functions are assumed linear and stochastic.

The parameters of the model are estimated based on a random sample of

1,388 households in Malvern, United Kingdom. Of the total number, (,98 households

provided appropriate data which, amonq others, included total water consumpti~n.V

in 1968, net annual property value (proxy for real income), the number of

occupants, and the number and type of 5 water-usin5 appliances (washinq machines,

cars, dishwashers, showers, and garden sprinklers). The estimates of domestic

water consumption by those appliances, and estimates of basic demand for all

other purposes, are compared with those obtained in other studies.

h :



The it ,f fe o f the a 'Culu I at i oni ot f~; t or t wn r d iira h I,,onr, Y I1

Uf a t 2r u s evoe rin me; sie Ho i ow. y r in,. i t t.min r i me-

-;.r i 'S n)si S. Not L WO Itv jl\ 4 he~ tj -ufsttItIe (xrit al

AI ;I ;! frWIteL' deman'd modie I l otu il t ho ,un I V of rho( lrttst . rr~e:.

has much in retIo let I a Imewr it, i t i,- t i 1 i rlns ii. donmi fr--otir

seom low. Thi 2) 1; taitll1v du(: to thnshns of mn';r importat vrIlO

7.Yamaii, D. D., * F. DworKin, S. Sebastian, P. Andrews, and D. Holtz. plannt-usc

Alternatives for municipal Water Systems. Indianiapolis, 1-d. : Hol1cor-L

Research Institute, Butler University, 1976. 61 or).

This book presents a valuable summary of current and future plannino

alternatives for municipal water systems. It discusses the most critical

aspects of forecasting water demand and water supply, including the economic

and social aspects of balancing supply and demand.

8. Berry, Dale W., and Gilbert W. Bonem. "Predictinq the Municipal Demand fur

Water." Water Resources Resea rch 10, no. 6 (December 1974) :1239-42.

This article presents, the results of regression analysis relating per

daily water use to per capita income. The analysis is based onl a mixture of

cross-sectional and time-series aggregated data (7 New Mexico cities and

23 separate years) and has yielded the regression equation g 25.1 +- 0.059

with R2 =0.766, where q is the municipal water use (gpcd) and y is the

annual per capita personal income in 1965 dollars.
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Quantitative relationships of either linear or loc-linar for-, wore

estimated for monthly data from January 1974 to September 1977 obtaiiied from

the Tucson (Ariz. ) Department of Water and Sewers.

This is a valuabIC analysis of residential water demand, since ;t takes

account of marginal prices and it also defines precisely all variables; used

in the demand model.
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In this artile the ather !-k0 . ;',,ra. -:y' A ., ." .

of municipal water, based , cne:,ralized d,1a 1: 7>-1, 1, 1 1,1 ..I .. .

The tol lowi nq factors that a f feit wat ,r ' w, re, ',tif::. 1:'..

of community, (2) location, (3) water tpa1 t.', (4) re;car.-, W -, l 2t,

inq (7) aqe of community, (P) Iawn sprinkl I, (9) o;t , ad l 1 air .JU oin.:.

The author has; not attempted to analyze these factors in 'ir(, I ,h ,. 1

12. Boland, John J. "The Micro Approach--Computerized Models for Municip al ater

Requirements." Fri Treat seo on Urbal Water istems, i bi 1 h -lbert S1on Ct

al., pp. 295-316. Fort Collins: Colorado State 'niversity, 11)71.

This article is drawn from ,i lecture giVn at the Int itut oin Urban

Water Systems at Colorado State Univer;ity in June 1970. It coll0i)Sts of a
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,4eneral di scus:; oti of water-use for*,castinq, followed by a det ailed expo.; iti r,

of the MAIN II forecastirn system, as dve, Ioped by Hittman Assoc iat !, Inc.

Since the MAIN IT I ystem ,stimatec; water use from demouraphi ,-nd a ori'd-co.oi

data only, it can be used to backeast , where watter use cst imat (-d for , arI -.

period is compared to known watter use' tor tthe ,amt- e riod. . oIand tre,.nt;

the results of a number of backCasts, inc-IudinO I for balt mor,-, Md. , f)r

Park Forest, IIl., I for baton Rouge, La. , and I for a heas 1 vt drv l Fmt in

Anne Arundel County, Md. Frrors ranged from 0.4L for halt imor, and . fo

Baton Khouqe to as much as 16* for one attempt to backcast commer' ,,I we in

Park Forest. The use of the forecastinq system is illustrated for t i ntw tow.-,

of Columbia, Md. Data requirements are discussed, and forecast recult, s fcr

the year 2000 are presented.

13. Boland, John J. "Forecastinq the Demand for Urban Water" In Municipal Water

Systems: The Challenge for Urban Resource Management, edited by D. Holtz

and S. Sebastian, pp. 91-114. Bloomanoton: Indiana University Press,

1978.

This paper, like the others in this volume, was first presented at

a conference held at French Lick, Ind., in October 1976. It contains a dis-

cussion of various approaches to forecasting urban water use and describes

criteria for choosing an appropriate forecasting method. Major stress is given

to the observation that forecasting error of any kind is likely to lead to

excess costs, whether forecasts are too high or coo low.

The second part of the paper summarizes some empirical observations of

relationships between water use and certain explanatory variables, including

population, number of connections, weather, price, and income. An argument

is made for replacing population with number of connections (or of households)

and for disagqregating water use by customer class as well as by season.
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Detailed water-use data obtained for the Washington Suburban Sanitary

Commission srvice area art used to illustrate these points7. boland

reaches the foI lowing conclIsiols :

1. Watel use is better correlated with number of customer conn(ections

than with rieside nt po; a lat on.

2. Sgni ficarit differences in the nature of water use exist among

the various cateqorit.s f uoers.

3. Individual water use within a class is subject to great variability.

4. All classes of water use can be highly seasonal in nature.

5. Economic variables, including water price and water-user income,

are important factors in explaining water use.

14. Boland, John J. "The Requirement [or Urban Water--A Disaggregate Analysis."

In Annual Conference Proceedings, American Water Works Association,

24-29 June, pp. 51-66. San Francisco, Calif., 1979.

This paper describes the need for better understanding of the requirement

for urban water. Improved explanation of water use is prerequisite to improved

water-use forecasting methods. Forecasting applications are discussed, includino

conventional long-range forecasts. Boland also describes the use of short-range

forecasts (for financial planning, for example) and the application of fore-

casting techniques to the analysis of specific perturbations in future water

use (alternative futures).

Present knowledge of th, structure of urban water use is summarized.

Improved approaches to estimating and forecasting watr use are contrasted

to present practices, yieldinq recommendations on sublects ranging from basic

data collection to forecasting mthod. t i ,mIv;s. An extensive bibliography

is provided.



15. Boland, John J., Philip H. Carver, and Charles R. Flynn. "How Much Water

Supply Capacity Is Enough?" Journal of the American Water Works

Association 72, no. 7 (July 1980): 368-74.

This paper discusses the application of risk management techniques

to urban water-supply planning. It is argued that, rather than apply standard

rules of thumb to obtain supply requirements, water utility managers should

attempt to balance the economic,social, and environmental cost of providing

increased capacity aqainst the risk and cost of water-use restrictions. In

particular, utilities may develop drought management plans which can be used

to replace the last, most expensive increments of supply capacity. The paper

describes a study performed by the authors for Ecological Analysts, Inc., as a

part of a larger investigation for the Washington Suburban Sanitary Commission.

In that study, probabilistic forecasts of water-supply deficits were developed

from water-use forecasts and statistical analysis of supply data. The water-

use forecast methods are not discussed in detail in this article, although

several of the demand models are presented. The development of alternative

drought management plans is reviewed, and the use of those plans, together

with the deficit forecasts, to analyze supply augmentation requirements is

discussed in detail.

16. Boland, John J., and Charles W. Mallory. "Comments on 'Residential Water

Demand Forecasting' by Peter W. Whitford." Water Resources Research

9, no. 3 (June 1973):768-70.

This comment contains some clarification and expansion of Whitford's

review of the Main II forecasting model, developed by Hittman Associates,

Inc., as part of a research effort supported by the Office of Water Resources



Research. The authors also present th,.. rocedur(, to be fol owed ir U-;irf4 the

MAIN II system. This procedure permits th,. water-supply plarirner to pferfolrm

sensitivity analysis for a qiven set of a!w,;umiti (ti (u.;cd in gen.-ratiriq a

forecast) throuqh reptitive application of the '.AIr II algorithm.

17. Boland, John J., Steve H. Hanke, Richard L. Church, and Philip Ii. CaIrver.

An Examination of Alternate Rate-Makinq Policie.c; for the Washiriqto

Suburban Sanitary Commission. Baltimore, Md.: Rivus, Inc., 1,)75,

198 pp.

This report describes an analysis, using computer .cimulation of 3 alter-

native rate-making policies for the WSSC: a uniform charge, a uniform charge

with a summer surcharge, and an increasing-block rate system. The report also

discusses means available for compliance with 1-PA regulations affectinq sewer

rate structures as they existed in 1975.

The computer simulation incorporated a disaggregate projection of water

use, separately considering 5 different user categories as well as sprinkling

use in each of 3 different population density zones. Projections were made a

function of, among other things, the applicable water price faced by each

customer group. When block-type rate structures were considered, customers

were further disaggregated by use block. Existing operating and capital costs

faced by the WSSC were modeled and forecast. The computer simulation calculated

a rate structure at selected intervals, based on the estimated revenues and

costs projected by the mode. Results included forecasts of number of customers,

average day water use, maximum (lay water use, contribution to sewer flow, water

costs, sewer costs, total revenue, and rate levels. These forecasts were

available for each year of the forecast period, and for each of the chosen

rate-making policies. Information was also available regarding the incidence
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of rate changes on customers at various per(enti I(' rank-; i n each cat cqnry'

watr-use distribution.

Rate-making policies were compared and eva Iuated on th(. ba;;i!, of t I i r

likely impact on future operations, the incidewe of rate changes on varioni:

customers, their relative ability to track changes in costs, im)nementatio

characteristics, and conformance with EPA regu at ions. Based on this analy: i

the consultants recommended that the uniform charge system then employ(,d i.

retained. The report also contains considerable statistical data on itdivicta:

water use within the WSSC service area.

18. Browne, David W., Gary Minton, and Clyde Barnhill. "Forecasting Water emin

in the Pacific Northwest." Journal of the American Water Works Associatict,

72, no. 9 (September 1980):506-7.

This short article discusses possible reasons for the apparent leveling

off of per capita iemand for municipal water. The onalysis is based on the

aggregated water-use data of several cities in Oregon and Washington for the

period of 1970-80.

The authors observe that there actually is a general levelinq or even

decrease in the average growth rate of per capita consumption. This trend

is explained as the result of (l)recent trend away from declining block

rate structures toward uniform water rates, (2) saturation of the market

for washing machines and dishwashers, while older machines are replaced with

more efficient models, (3) increase in the construction of multifamily renidenes,

and (4) increased public awareness of the need to conserve water.

The authors do not discuss the statistical validity of their cnclu.;ion,:.
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19. Burke, Thomas R. "A Municipal Water Demand Model for the Counterminous

United States." Water Research Bulletin 6, no. 4 (July-August 11970)

661-81.

The purpose of this study was to develop an econometric model for fore-

casting aggregate requirements for municipal water. The model is to provide

rapid determination of the future water requirements of 488 American cities

with populations 25,000 or over. The model incorporates 17 explanatory var-

iables reflecting environmental, demographic, economic, and other factors

affecting wator use. However, price of water is not included.

Separate regression functions have been estimated for 19 regions of the

United States, based on statistical analysis of cross-section data derived

from 2 published sources: (1) The Public Health Sorvice/FWPCA Inventory of

Municipal Water Facilities (1963), and (2) the United States Department of

Commerce's County and City Data Book (1963).

This study does not make any forecasts of future water use. There is

suggestion made, however, that projections of explanatory variables into the

future could be made based on average rates of their growth derived from time-

series analysis.

20. Camp, R. C. "The Inelastic Demand for Residential Water; New Findings."

Journal of the American Water Works Association 70, no. 8 (August

1978):453-58.

This article presents the results of a multiple regression analysis of

13 variables explaining residential water use. The sample consisted of 288

single family households randomly selected from 10 service areas in Mississippi.

Water use was derived from billing data. The price used was taken from the

rate schedule at the mean level of consumption for each city. Data for other

determinants of water use, were obtained by interview or observation of the

household charartoristics.
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The principal determinants of the level of domest:is water us- (at I ,

0.05 significance level) were a- follows: (I) number of !'rson' 0 y L usehl 4

(2) number of clothes washers, (3) th, e.ducation 1.eve 1 of the hous:ehold h' 10d,

(4) the market value of the residence, (5) the lrice of waterI, (C) rosenc

of swimming pool, (7) rainfall, and (8) lawn area. The' -!stimate-d pricc

elasticity was -0.24 for the linear-functional form and -(). il fol the mixed

linear-logarithmic form.

21. Carver, Philip H. "Price as a Water Utility Manacm(.nt Tool Ind-r 5tochavtic

Conditions." Ph.D. dissertation, Johns Hiopkins ,niver:ity, 1978. 452 pp.

This dissertation examines a wide range of issues associated with the

use of price as a management tool in urban water supply. The nature of

water utility cost is reviewed, as is the literature on marcinal cost and

peak load pricing. Data collected from 13 Washington (D.C.) area water

utilities are used to estimate short-run and long-run responses to price

changes. The application of an innovative pricing policy (a summer surcharge

plan) to the Fairfax County (Va.) Water Authority is analyued in detail,

leading to estimates of its effectiveness in (hanging both peak and average

water-use rates. Water-use forecasting techniques are developed and applied

to the Washington Suburban Sanitary Commission. These forecasts are combined

with a statistical analysis of river flow to give a probabilistic forecast

of water-supply deficit. The deficit forecast then forms the basis of a

financial simulation which reveals the consequences of alternative pricing

policies. Consumer surplus measures are used to choose among the various

policies according to economic efficiency; other criteria include equity,

complexity, and revenue erosion. The disseration includes lin lin, of computr

programs used and an extensive bibliography.
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22. Clark, Robert M. "Cost arid Pricing Relationships in Water Supply." Journal

of the Environmental Engineering Division of ASCE 102, no. EE2

(April 1976) :361-73.

The purpose of this study was to relate the price of water to several

characteristics of the water-supply system, as well as to find the relationship

between price and per capita water consumption. The study area included 22

districts within a midwestern SMSA (not named). Data presented is from a

utility serving this area disaggregated by districts. Cost analysis is

based on total revenue producing water pumped by the utility during the

calendar year 1964-73.

Based on a stepwise reqression analysis, the author concludes that

population density and the source of raw water were major price determinants.

Total population served and total demand play secondary roles. The regression

of per capita water use on price yielded price elasticities in the range of

-0.6, varying slightly with functional form.

23. Clouser, Rodney L., and William L. Miller. "Hcusehold Water Use: Technoloqical

Shifts and Conservation Implications." Water Resources Bulletin

16, no. 3 (June 1980) :453-58.

This study investigates the effect of water intensive appliances or activ-

ities on household water consumption. The analysis was applied to the results

of a questionnaire survey of 406 individual households in 2 Indiana communities

and their water utility companies (which provided total water bill and quantity

of water used by each household in 1977).
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The water demand model included such variables as price paid per

1,000 gallons of water used by the household, number of family members

residing in the household, number of bathrooms, the household income, and

presence of various water intensive appliances. The demand for water was

divided into 3 distinct seasonal periods, and appliances or water inten-

sive practices unique to the various periods were incorporated into the

estimation.

In the majority of cases the use of the washing machine, dishwasher,

swimming pool, and lawn watering increased per capita consumption and

were statistically significant.

The authors also consider the installation of water-saving devices

as an alternative method of extending supplies in communities. They conclude

that the private economic benefits would be low if water charges were between

$1.00 and $3.00 per 1,000 gallons; however, aggregate benefits to the community

could be large if the cost of drilling new wells or increasing storage facilities

could be avoided.

24. Collins, Michael A., and Alan H. Plummer, Jr. "Industrial Application of

Whitford's Demand Forecasting Procedure." Water Resources Research

10, no. 2 (April 1974): 345-7.

The authors of this article discuss application of Whitford's

methodology to forecasting basin-wide water demand for steam-electric

power generation industry in the Trinity River basin in Texas. Based on

4 different estimates of possible electrical energy production in the basin

and ad hoc evaluation of water use per unit of pow-r production, the authors

have found base line water requirements. In the next step, cumulative proba-

bility curves were found through equal weighting of reasonably likely high,
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medium, and low effects of 3 factors. These were (I) the possibhl( introduct ion

of nuclear-fueled, steam-electric power plants, (2) changes in power plant eff-

ciencies, and (') changes in the basin-wide fract ional mix of coolir methods.

It is concluded that Whitford'ic approach is us(ful] in large-scale,

long-range planning.

25. Danielson, Leon E. "An Analysis of Residential Demand for Water Using Micro

Time-Series Data." Water Resources Research 15, ro. 4 (Auqust 197):

763-67.

This study estimates the parameters of a residential water demand model

based on individually metered water consumption data. A sample of 261 house-

holds in Raleigh, North Carolina was observed cross-sectionally over 68 time

periods of approximately 30 days each. The period covered by the data was May

1969 through December 1974.

Separate water demand models were constructed for total residential,

sprinkling, and winter demands. These dependent variables were estimated

as a function of temperature, rainfall, house value, water price, and house-

hold s-e. Water price in this study, which included 50% sewerage charge,

was interpreted as marginal charge, since nearly all households fell within

the first block rate. For total residential demand, price elasticity (in

logarithmic demand equation) was estimated to be -0.27. The coefficients

for household size, which consistently explained the largest percentage of

variation, was estimated to be 0.740. The remaining variables had coeffi-

cients of -0.018 for rainfall, 0.316 for average temperature, and 0.314 for

house value.

For winter demand price elasticity was -o. 105, coeffi ci ent,; for house

value and household size were 0. 342 and 0.689 respect ively. Price elasticity
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for sprinkling demand was estimated to be -1.38, while the coefficients for

rainfall, average temperature, and house value were -0.206, 5.141 and

0.363 respectively.

26. Darr, P., S. L. Feldman, and C. S. Kamen. "Socioeconomic Factors Affecting

Domestic Water Demand in Israel." Water Resources Research 11,

no. 6 (December 1975):805-9.

This paper presents an analysis of residential water-use data with

respect to such explanatory variables as income, number of persorper family,

cultural origin of customer, education and age of the head of the household,

and number of rooms per household. The analysis is based on a questionnaire

survey of 1,892 households in 4 urban areas of Israel. The survey provided

disaggregated data on many variables and water-use data (in cubic meter per

capita per dwelling unit, annually) for the 1970-71 fiscal year.

The authors have estimated the parameters of separate water demand

functions (log-linear) for metered or unmetered residences and for indoor

or outdoor uses. Income, or its surrogate, was found an important predictor

of residential water use.

27. Darr, P., S. L. Feldman, and C. S. Kamen, "A Reconsideration of the 'Requirement

Approach' to Residential Water-Use Forecasting." Water Resources Research

11, no. 6 (December 1975):1019-20.

This short article reports an in-depth study of residential water use in the

desert town of Eliat, Israel. The analysis of residential water use per capita

was conductedwith respect to income per capita, number of persons per dwelling

WOEN



unit , country of origin, and age and education of the resporid~-it Thf, aa11y,i:

was based on the interview of 1(04 nousehold; in July 1973. The, reult of

regression showed that none of the above variable , xplianed var jt i J- in

water consumption. In further analysi. on lv. t chnic-a 1atlr- . 12 l- fi.<ati. a

were found to be correlates.

The autliors'conclusion is that "the tool mor,, act to b( of aid i i for(.-

casting water use in such an extreme environment is the recuirement arnproach"

based on noneconomic engineering parameters.

28. De Rooy, Jacob. "Price Responsiveness of the Industrial De-mand for Water."

Water Resources Research 10, no. 3 (June 1974):403-6.

This article presents an analysis of water use of 30 large chemical

manufacturing plants in northern New Jersey. The author reports the price

elasticities of water used for cooling, processing, and steam generation of

-0.894, -0.745, and -0.741 respectively. However, the reliability of these

numbers is disputable due to the fact that average price and mixed cross-

sectional and time-series data were used in the calculations.

29. Domokos, J., J. Weber, and L. Duckstein. "Problems in Forecasting Water

Requirements." Water Resources Bulletin 12, no. 2 (April 1976) :263-75. r.
This paper examines the methodological problems associated with fore-

casting water requirements by use of regression analysis. Both linear

and nonlinear simple time-series extrapolations are discussed with respect

to long-range forecasting.
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more satisfactory supply planning cr1 teri. Thu latter effort is of parti,

interest not only because of the innovative methods used but becau!se cf the_

broad implications of the resultant recommendations.

A water-use forecasting model was developed for uIse ii. the stud>., h1as-

on stat istical analylsis of water-use data c:0llecte~d for the MShC ;,ry7i -c

area and for tile servirce area of a nielchboei cc ut iiit':, the haiirfaix 'u

Water Authority. Multivaria'-e economl a demand mod> is we, re daeljdfor

sinlefamlyresidential arid ipartm(_nt residential use, e:ar ilcasecl

and nonseasonal use . Because( the avail able dd t a obse eva C ionsee c("rod a]pri

littlto or no change in the price of water, the pr ice coeffic icent ce7_-u d net he(

e~stimated. Price was omitted from tile( models, therefore, and fnoecas;ts were,

coridi tionod by the a ssumpltion of con.-t ant real price . 1 1ct15 e a t i i t lee

of 0.3 and 0.8 were obtalined for llon-s(aSoilai it-use by itt-aclvhnead

apartments reapevt.iIoy. The income. ci-) 1s)yt ursdo~ 1teh i

family homes was found to be 0.7. sillIt epc oeffic i ll yoe~it t ,Tnlt C1511;
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31 Fo-ster, Henry S. , fr. , arnd Briuce R. Reat. tit,. "Trbain Res~idenrt ial l~marrd for

Water in the Urnited Staftes." Land Ec;onoamics 55, no. I (February 1979)

4 3-58.

The purpins" of t his s;tudy w,)s to t--ijsc ify and estimat i pa ramcern, for a

single e-quation e-conomic- Model for urban residerrtial water demand. Price,
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and monthly cre-ii tation.

Data on water qual ity, price, and iumbir of renidt:* - ir m,, : r -

cities come from A Survey of Operatingl Data for Water Ut il it iicn 1. 1i iy I he J

American Water Works Association, Tncome data were taken from niio 196')

Census of Population; rainfall and average temperature, 2limatological Data

for the United States, 1960-61.

The resulting estimated equation for the agqreuate model was

= .2492e-*'
2 7 8 Py

4 6 1 9
R -  1679,-.4345

where Q : quantity of water demanded by house.hold, i.e., per meter

(1,000 cubic feet per year); P = average water price (dollars per 1,()o

cubic feet); Y = median household income (dollars per year); R = precipitation

(inches) during the defined growing season; and N = averace number of re.ident :

per meter. This model is intended to permit any city to forecast re-i ident ial

water use, given its values of explanatory variables.

Tests performed with the disaggregate models showed that -it,' e ha ..

an insignificant effect on per household roesidential water uice, wht-r, i ' ri-,iollal

differences have been found more signi ficant . The dom,1nld ('Ii V,1; w, , -,t Ima d

for each region using regional mean valuoJ ; of i icir,', 1 i- 1: it i-1 -, l

number of residents per meter.
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In rdrto p'erform such aInal vses;, t he anthor had t o prupart- forcst for mun-

ici pal wator ilematid;t in MIi sssmi for over 403 atreas for the y.,ears 1Ie 1 i')0j

and -1000.

Aqjqrucjat(ed watoer requ i r-ment model s used by thet authlor Were I oj- if) sear

equation.- derived from other studies which used average annual water use (mojd)

and per capita use as dependent variable-- and popul ationi , i idcust ri a] i zat ion

index, per capita i nt-me , meani temperatureQ, and average ra infal I as i ndependci t

variables, which had to be determined for the future years. The parameters; of

these equations were estimated based on 8?2 observations, of crossz-sectiouial datal

inl all counlties inl Mississippi. The aiuthor found that based on the available

data the intercorrelations between population and per capita income and between

mean temperature and rainfall were fairly hig~h. Income and temperature were

excluded as redundant factors, therefore . in equations expressing per Capita

water use the mean temperature was also excluded.

33. Frye, Richard, and James W. Mctarland. "A Nturicilpal Water Supply lnvestment

Problem in Rhode DIland." Water Res ources Bulletin 16, no. I (February

11)80).:31-5.

This article discusses daficiencies $4 presentlIy available water demand

models, which are price-sensitive, in a decision-makinq framework dealing with

fut ure water-supply investment. Based on the comparison of the benefit-max-

imizat ioni economic- model with a "requi rement" approach, the authors conclude

* that the former is as arbitrary as the later.



34. Gallagher, David R. , and Raymond W. Robin.eon. Influence of M(terin 9 ,_Pr jnc{

Policies and Incentives on Watcr-lse EffwiteeJV.-y. Australian Water

Resources Council Technical Paper, rio. 10. Canberra, A.C. T. , Aust ralid:

Australian ;overnment PublishLing Servin e, 1977. 137 pp.

The authors hypothesize that pricing is an effective tool in managing

urban water supplies. Their investigation covers all aspects of this hypothesis,

including description of recent trends in water use, a review of the urban wate;r

demand literature, several empirical studies, and analyses of water-supply costs

and of pricing policies in Australia.

Water-us' trends are presented for major Australian cities for 10-to-

15 year period ending in the mid-1970s. These trends are normalized for pop-

ulation, households or other measures and transformed in various ways to

illustrate the difficulty of projecting future water use from trend analysis

alone. The economic theory of demand is reviewed in some detail, with appli-

cation to the urban water sector. The water demand literature is reviewed;

many of the empirical findings presented in the literature are reproduced here.

Urban water use in Australia is analyzed against this theoretical and empiv-ical

background, including some attention to the economic characteristics of the

"allotment and excess use" rate structures common in Australia.

Two empirical studies are reported. The first took place in Nowra, New

South Wales, a coastal town of 16,000 population. Twenty households chosen

at random were interviewed regarding socioeconomic and water use characteristics.

Five of these households were segregated as a control group while the remaining

respondents participated in a pricing experiment. The results were used

to estimate a demand function for household water use in winter. The function

explained 65% of the observed variance in water use and included an estimate

of price elasticity equal to 0.283.
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The second empirical test took plact< in ;ummer in WoNeorj, , mw Soutil

Wales, a coastal city of 200,000 population. Ali initical samilnh of III hou:seholds

was drawn and a procedure similar to that employed at Nowra was Lsed. S'llarate

per capita demand functions were estimated for in-house water u'e and for

outside (garden) use. The former explained 29% of observed variance and

revealed a price elasticity of -0.288, very close to the winter elasticity

in Nowra. The outside per capita demand function explained 45% of observed

variance but failed to include price as a significant variable.

The remaining sections of the report analyze metering and pricing

policies from a welfare economics point of view, arguing for the introduction

of marginal cost pricing on the basis of economic efficiency. The character-

isL~cs of water-supply costs in Australian cities are also described an6

compared to those reported in studies of United States water utilities. An

extensive bibliography is included.

35. Gallagher, David R., John J. Boland, Barfy J. LePlastrier, and David T. Howell.

Methods for Forecasting Urban Water Demands. Australian Water Resources

Council Technical Paper. Canberra, A.C.T., Australia: Australian

Government Publishing Service, 1980. 93 pp.

This report addresses the methods used to forecast water use in the

urban areas of Australia. The world literature on factors affecting urban

water use is surveyed, and those findings most likely to apply to Australia

are summarized. A field survey of the forecasting techniques actually used

by the major water utilities of Austral4 a is reported, and the techniques

described are contrasted to methods in use elsewhere. It is concluded that

improvements in forecasting techniques are warranted and can be readily made.

An approach to forecasting is developed, based on disagqregate demand mocdels.
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This approach is made flexible by incorporatinj a range of techniques which

can be selected according to data availability. In this way, practice car

be steadily improved as better data become available it) the future. The

derivation of demand models is illustrated uc;inq data collected for selected

residential areas in New South Wales. It is recommended that water utilities

begin collectinq data which would support the development of disaacreqate

demand models in the future.

36. Gottlieb, M. "Urban Domestic Demand for Water: A Kansas Case Study."

Land Economics 39, no. 2 (May 1963):204-10.

This paper presents the economic analysis of municipal water demand based

on aggregated water works data. The authors purpose was to isolate the

effect of price and income on water consumption in small Kansas towns during

the 1950s. The analysis was based on area-wide averages, total consumption

divided by either population or the number of customers, and community-wide

average household income. The price of water was derived by dividing total

water revenue by the total amount of water used.

The author used an estimating function of the form: log y = log a +

log xb + log zc, where y = consumption in 1,000 gallons annually; x = average

household income, dollars; and z = price in cents per 1,000 gallons. The

results of multiple regressions of rate and income levels, from cross-sectional

data, on per customer water consumption show price elasticities of -0.68 and

-1.23 and income elasticities of 0.45 and 0.58 for years 1952 and 1957 respec-

tively.

Two measures of consumption were also correlated, i.e., per capita versus

per customer consumption. For 24 cities in 1957 and 20 cities in 1952 the

author has obtained the estimating equations: Yc = 8.21211 + .25165X;
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(R = .9115) , and Y I .I.05( 3 . 11 (X; (R .96 3) respective y. Where

Yc is a per capita consumption and X it; conrsumption Ier connection.

37. Grima, Angelo P. Residential Water Demand: Alternative Choices for Management.

Toronto University of Toronto Press, 1972. 211 pp.

This book presents an extensive study, from both theoretical and

empirical standpoints, of residential water demand in the Toronto metropolitan

area. The water consumption data used in this study are based on 91 individual

observations from metered single unit households for 1967. These water-use

data were averaged over a year, the summer period and the winter period, thus%

producing average water use in gallons per day in a dwelling unit over each

period.

These 3 dependrit variables were estimated using log-linear equations

with 4 independent variables: (1) the assessed value of the residence (a

proxy for income), (2) the number of persons per dwelling unit, (3) marginal

charge in cents per 1,000 gallons to the consumer beyond the quantity allowed

with the minimum bill, and (4) the fixed bill for 1 billing period.

The elasticitie-s of demand with rospe:t to the price were found to be

-0.93, -1.07, and -0.7', with income elasticities of 0.56, and 0.48 for average

annual, summc, and winter water use respectivcly.

38. Hansen, R. D., H. H. Fullerton, A. P. Bishop, ind T. C. Huqhos. His;torical

and Projected Municipal and Indust r i al Water Usage in 17tah 19,0/2020.

Logan: Utah Water Research Laboratc ry, tMah Stat t Uniye sity, IPhruary

1979. 59 pp.

This report presents the result a of a municipal and ilikt liiit wI t er-une

inventory for 50 Utah munici palities and for each of IL"th' 0 'ount lea.
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Municipal and industrial water-use data from 1900 to 1970 are0 pres.;ente d at f,(ir

levels of disaqgreqation, i.e., statewide, multicounty district , county, and

major city. The data are analyzed to produce annual ter capit. withdrawal

rates for municipalities and major industries.

In discussing future water needs, the authors sugq(et 2(,2 qpcd as an

appropriate water-use rate for statewide planning, and 100 gpcd for municipal

indoor water use.

The publication cites some simple demand or requirements model. obtained

in other 'studies; however, the authors do not say explicitly how these models,

should be used to calculate future water use.

39. Headley, T. Charles. "The Relation of Family Income and Use of Water for

Residential and Commercial Purposes in the San Francisco-Oakland

Metropolitan Area." Land Economics 39, no. 4 (November 1963):441-49.

The author has analyzed the impact of income levels on water consumption

by regression analysis using both cross-sectional and time-series data obtained

from utility records and Census of Population, 1950 and 1959. The regressions

were performed for 14 cities of varying population (from 3,000 to 775,000)

assuming that pice, temperature, precipitation, and other socioeconomic var-

iables are constant. Separate consideration is given to commercial and

residential use categories, although criteria for disaqgregation are not

specified.

Cross-sectional estimates of residential water-use elasticity with

respect to median family income, using a linear demand equation, were 1.49

in 1950 and 1.24 in 1959. In log-linear forms th, in'omt, (last Litien were

1.63 and 1.37 respectively. Time-series ala ]ys;i, viId al averaqe elasticity

for the 14 cities of 0.25. Average elast icity nt combinl, d rsidential-

NA6-------------------..
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commercial per Ci t a u, was 1.(0) iccording to the 1950 cross-sectional

regress ion.

Alt hough this s;tudy uses :;imp I if id model ing te2chniques as compared

to most recent research, it de-,s give an interesting consideration of

economic issues in munici pal wattcr sup[,1V.

40. Hferr ington, Paul. "The Economics of Water Supply and Demand," Economics

12, Part 2 (Summer 1976):67-54.

This article provides an excellent discuss ion of the theore'tical,

empirical, and policy aspects of the economics at public water supply, mostly

related to the United Kingdom. The author considers, in turn, demand analysis

and forecasting, investment decisions and pricing questions, meanwhile intell-

igently summarizing the current state of economics of water supply and demand.

It is concluded that Britain's growing water problems can only be solved

satisfactorily by application of well-tried economic principles.

This paper probably constitutes one of the best economic treatments

of water supply problems and other related issues.

41. Hittman Associates, Inc. Forecasting Municipal WaterRequirements. Vol. 1,

The MAIN II System. Columbia, Md., 1969. PB 190275. 208 pp.

This report describes the development of improved methods for forecastino

municipal water requirements which led to the elaboration of one of the more

successful computer based forecasting models presently available--the MAIN I1

system. The authors have determined and analyzed the economic and demographic

variables of municipal water use (including their future growth based on the

data from 50 metropolitan areas throughout the United States.
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The model calculates the values of residential, industrial, commorcial,

arid other water uses for a selected future year. It incorporates sev.ral

categories of residential water use (metered/utimetered, sewered/septic tanks,

houses/apartments), and for each category water use is calculated by a

regression equation that uses economic (home value, price of water), weather,

and demographic factors (mostly Census Bureau data) as independent variables.

Projections are made of these factors rather than the resultant water use.

The forecasting system is able to perform detailed estimates for up to 200

water-use categories.

The report also contains 3 case studies (Baltimore, Md; Baton Rouge, La.,

and Columbia, Md.) in which forecasts of water use were prepared using MAIN II

system.

42. Hittman Associates, Inc. Price, Demand, Costs, and Revenue in Urban Water

Utilities. Columbia, Md., 1970. 106 pp.

This publication constitutes an excellent study of the municipal water

industry based on data collected directly from 46 urban water utilities.

The primary purpose of this study, sponsored by the United States Department

of the Interior, Office of Water Resources Research, was to develop improved

rate-making policies for local utilities that would take account of effects

of these policies, including relationships between price, demand, cost, and

revenue. The findings of other investigations were reviewed and analyzed,

particularly estimates of the price elasticity of municipal water demands.

The authors developed a general economic model of urban water utilities

based on the functional expressions for mean, maximum day, and peak hour demand;

operating cost; and various classes of revenue which were derived from the

data base. The ,conomic model was tested using 2 case studies of Detroit

Le
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tQmx maximum day mun icipal demand (mcid)

Q u veragec municipal demand (m(Id)

3) Peak hour muni cipal demand
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where

Qmo peak hour municipal demand (mqd) .

Separate" functions for residential and commercial/iistitut ional user

cateqories were developed to express unit water uses (per connect ion) in

terms of such variables as residential marqinal price, moisture deficit

and total retail population.
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43. Houthakker, H. S., and Lester D. Taylor. Consumer Demand in the United States,

1929-1970: Analyses and Projections. Cambridge, Mass: Harvard University

Press, 1966. 214 pp.

The authors of this book have performed an econometric analysis of

consumer demand for 83 different commodities based on historical records for

the period of 1929-62. For each commodity (including water) demand functions

(expressed as expenditure) are evaluated and several sets of projections for

personal consumption expenditures in the year 1970 are estimated.

The following dynamic model based on 3-pass least squares method

was found to determine per capita personal consumption expenditure of water

in year t (qt) in 1954 dollars (with intercept equal to 2.8775):

qt = 1.0240 + .5 4 2 7 qt-1 + .0024&xt + .009xt_1 + .17 7 1zt

(.5261) (.2275) (.0009) (.0005) (.2694)

where

qt-i = per capita personal consumption expenditure in year (t-l)

xt = total per capita personal consumption expenditure in year t

Axt = xt-xt 1

zt = 3-pass variable (-1.31 for 1962 and -1.24 as historical mean).

The linear version of the static model includes the percentages of the

population living in the South and West and the own-price elasticity, as these

variables were found to be significant. Total expenditure was found to be

insignificant. This model is given below:

qt -26.263 - .6821 In Pt + 6.2061 In (% pop. in South)t

(11.280) (.4939) (3.0010)

+5.1595 (% pop. in West), - .8965 dt

(.6724) (.3429)
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where

Pt = relative price of water in year t (1954 = 100)

dt = dummy variable used to separate the pre-World War II years from

those following; takes the value 0 for 1929-41 and I for

1946-61.

The authors also give economic background for econometric analysis

and discuss the problems of estimation and projection.

44. Howe, Charles, W. "Municipal Water Demands." In W. R. D. Sewell, B. T. Bower,

et al., Forecasting the Demands for Water, Ottawa, Canada: Policy and

Planning Branch, Department of Energy, Mines and Resources, 1968. 43-79.

The author of this article proposes an approach for forecasting water

demand which is based on the premise that, given economic and technological

forecasts, water demand forecasts must be made in conjunction with an analysis

of the costs of water supply and water pricing policies. Thus, water demand

forecasting should constitute a sequence of the following steps: (1) an

economic base study with forecasts of activity levels; (2) a preliminary

estimate of water demands using historical coefficients of water use; (3) pre-

liminary water system design and costing; (4) determination of financial

and pricing policies for the urban utility; (5) detailed forecasts of demands

in the residential, commercial, industrial, and public sectors, based on

estimated demand functions and approximate water price structures.

This article discusses the economic base study and the detailed forecasts

of demands in the 4 water-use sectors in greater detail. The latter topic

is based on the water demand functions developed by the Johns Hopkins

University Study.



45. Howe, Charles W., and F. P. Linaweaver, Jr. "The Impact of Price and

Residential Water Demand and Its Relation t( System Design and Price

Structure." Water Resources Research 3, no. 1 (First Quarter 1967)

12-32.

This article presents one of the most extensive and riliable cross-

sectional studies of residential water demand, using data collected by the

Residential Water Use Research Project at Johns Hopkins University. The

authors analyzed 39 master-metered residential areas in the United States.

Continuous recordings of wauer use were taken for 2-and 3-year periods during

the 1960s and aggregated to hourly, daily, seasonal and annual ficures. Indoor

and outdoor uses were separated, with the latter divided into eastern and

western regions of the nation.

Indoor demand was estimated using a linear equation whn the following

independent variables: market value and the age of the dwelling unit; number

of residents; average water pressure; a'.d the sum of water and sewer charges

that vary with water use, evaluated at the block rate applicable to the

average domestic use in each studl area. The resulting price and inccme

elasticities were -0.231 and 0.319 respectively.

Outdoor use for sprinkling purposes was estimated using a log-linear

functional form with irrigable area per dwelling unit, summer potential

evapotranspiration, summer precipitation, and marginal price applicable to

average summer total rates of use, as explanatory variables. The results

showed a price elasticity of -1.12 for all metered areas and price elasticites

of -0.70 for the western region and -1.57 for the eastern region. Maximum

day sprinkling demand functions were developed for 3 types of residential

areas, i.e., metered with public sewer (east), metered with public sewer

(west), and flat rate with public sewers. The maximum day demands were
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were found inelastic with respect to pric, in1 the west, but relatively

elastic in the east

46. Huqihs, Trevor C., and Robert Gross. Domestic Water Demand in Utah.

Logan: 17tah Water Research Laboratory, Colleae of Enineering, Utah

State University, May 1979. 61 'p.

The overall objective of this study was to develop Utah residential water

demand functions for average month, peak month, and peak day per capita or

per connection water use. These dependent variables are defined using multiple

regression cross-sectional analysis performed on pumping records for 14 metered

supply systems of varying size. Price of water, outdoor use index, size of supply

system, and number of persons per connection ,' re examined as explanatory var-

iables. The demand functions using price and outdoor use index (integer on 1 to

9 scale) and functions relating one type of demand to another are presented,

together with recommended design levels for the same time aurations. The design

levels were calculated by adding to expected values an increment which was

based upon standard deviation of the -ample.

The study also develops design criteria for the capacity of those water-

supply components which are related to very short term flows. This analysis

is based on flow measurements (1- to 5-minute-duration flow rates) during the

summers of 1977 and 1978 at master meters on three Utah systems. The results

were analyzed by a frequency analysis approach. It was found that instantaneous

demand peaks which can be expected once in about 30 years in Utah are under 2

gpm per connection for lines serving 10 families, and 5 gpm per connection

for lines serving 4 connections.
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This rercort contains very useful data for engineering design of wate-r-

supply systems. D,'mand projections may suffer from difficulties with assigning

an appropriate outdoor water u.ce for a given city, and also from the fact that

average price was used as independent variable.

47. Kim, Joe R., and Richard H. McCuen. "Factors for Predicting Commercial

Water Use." Water Resources Bulletin 15, no. 4 (August 1979):1073-80.

of interest in this article is the empirical analysis of urban commercial

water use. It is based on data from 64 suburban mall shops in the Washington

(D.C.) area. Water use, (in gallons per working day), for each shop was

provided by the Washington Suburban Sanitary Commission. Temporal variation

in water use is riot considered, assuming that this use category is not

characterized by large daily and seasonal variation.

The results of a multiple correlation analysis and a principal com-

ponents analysis suggest the water consumption is a function of the following

primary factors: an employee water-use factor, a customer layout factor, and

a customer water facility factor. Gross shop area, number of average daily

employees, number of average daily man-hours, number of faucets, number of

mop sinks, number of toilets, and number of drinking fountains were rejected

due either to high intercorrelation or to low correlation with water use.

The following linear model was calibrated using a numerical optimization

technique:

Q = 15.5F + 0.0147A + 0.945L

where Q number of gallons of water consumed per work day, F = the number

of drinking fountains, A = gross area in square feet, and L = the length

of the display window in feet. This relationship is characterized by a
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correlation coefficient of 0.883 and a standard error of estimate of 35.6 gpd.

ood presentation of data analysis techniques adds to the value of this

work.

48. Klimek, John C. "Forecasting Industrial Water Requirements in Mlanufacturihq."

Water Resources Bulletin 8, no. 3 (June 1972):561-70.

This paper presents the procedures used to obtain estimates of 1964 for

water withdrawals for maufacturing and 1990 and 2000 requirements for the

Oswego River Basin of New York State, including counties and subareas of

10,000 or more population.

The following equation was used to develop estimates of daily manu-

facturing group withdrawal in each period of forecast:

F (I) INT(A(I) x B(I) x D(I) x (W(I)-W(I) x P(I)) + (W(I) x P(I)/Q(I)))

where

F(I) daily withdrawal by industry group

A(M base period employment

B(I) employment chanqe

D(I) = change in productivity by employee

W(I) weighted intake per employee

P(I) percentage of intake subject to reuse

Q(I) weighted reuse rate.

Estimates of intake per employee, manufacturing activity, and water reuse

were developed through surveying a selected number (unspecified) of industrial

establishments in the region. The survey was designed to obtain information

on present and future water-use practices as well as information on existinq

employment, present rate of operation and expectation in regard to employment,

output, and employee productivity trends.
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40. Larson, iirent 0., and H. E. Hudsoni, Jr. "R-osidential Wat( r Us(, and Family

Income ." Journal of the" American Water Works Association 43, no. 7

(Auqust 1)51) :603-11.

This paper Presents an analysis of residential water use with respect

to income for 13 Illinois communities based on pumpaqo and billinq r(cord..

The author has found that the residential per --apita uise was poorly correlated

with the population of the community served, while a qood correlation existed

between water use and net effective buying income (averaqed for each

community).

50. McCuen, R. H.., R. C. Sutherland, and J. R. Kim. "Forecastinq Urban Wate r

Use: Commercial Establishments." Journal of the American Water Works

Association 67, no. 5 (May 1975):239-44.

This paper analyzes water-use data for 7 department stores and 140 mall

shops in 4 shopping centers located in Washington, D.C.; Greendale, Wi.z.;

and Baltimore, Md.

The authors have found that water consumption at shopping centers is

price inelastic and that the number of employees per shift and the gross store

area are the best explanatory variables. Because of high intercorrelation

between them, the later variable was used to derive water-use model of the form:

W = i +sA, where i= the intercept coefficient in gallons per working day and

s = the slope coefficient expressed in gallons per working day per square foot

of gross area.

It is also concluded that the water-use relationship should be derived

based on a disaggregation level equivalent to the 4 digit Standard Industrial

Classification category.
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1. Maddau., Will iam U., and Donald L. Feuerstoin. "Eftect of Water ('onservation

on Water D.maiids." Journal of the Water Resourc(s Planning and

,Manaqieme nt Division of ASCE 105, no. WR2 (September 1979):341-51.

This artl-i e presents the study of municipal water use and alt(,rnative

:;upI v ftotr the 9-coLnty San F.rancisco Bay Area. The authors applied a "re quire-

mtict" furoa t inc model disaggregated by spatial location and user class.

Avra.;e annual water-use projections were developed for 440 zones within the

Bay Area (each zone is I or more census tracts, using 1975 as the a<', y.ar.

Water u;(, in each zone was related to 4 explanatory variab] ,'s; name] y,

population, housing density, employment, and the type of land u.c. Water uses

in 5 different categories--(l) inside residential, (2) outside residential

(3) commercial-industrial, (4) public authority, and (5) unaccounted for use--

were used as independent variables. The relationships between dwelling

unit density and inside residential water use (gpcd) , or residential outside

unit water use (gpdud), and between employment density and commercial-industrial

unit use (gped) were first determined based on actual water-use data in 1975

obtained from the East Bay Municipal Utility District and applied for the 104

of the 440 zones. The obtained relationships were adjusted for each of the

remaining 440 zones according to the actual water-use data from those areas.

These relationships are not treated statistically or expressed by mathematical

equations; however, graphed data points are indicative of very high correlation.

Public authority and unaccounted for water uses were determined as percentage

of appropriate subtotals.

The above relationships were assumed to hold in the future providinq that

no conservation program is instituted. The water-use pro ject ion model considered

projected increases in population, dwelling units, employment, and developed

acreage in each of 440 zones during 5-year increment.l.



Once t liV base, pro(- ct in wa,;d5 lbVcIped, appropr iat e incdif ieat iorr woro

made to icuoullt .- r each of 2 water culn ,rvat iol en Ials hsage reua ite-dacodn

to the same p'lan. As a res;ult * the tot 1 I watecr requ ircmc-nts ini the year 2000

were produced. The bast- requi romnlts of 1 ,4o4 mcqd was reduce-d to 1,281l mucd

at a unit cosf- of conservat ion of $17 perl3 miii inn galloens (.98t/m) i aved, and

to 1,245 mgd at a unit cost of $300 per I million qailons (7."/m2.m TIic

deLvelopment of new water supply source,, could provide up to 52' g of wate2r at

an average unit cost of $208 per 1 million gallons (5.5 ,/n

The major shortcoming of this study is the fact that t1W cIthere Maid'

no effort to treat seasonal variation in water use and water upi I 11( and o

do not mention the problem of reliability of SLI!eply.

52. Maidment, Dlavid R. "Annotated Bibliography on Water Demands ." P.ater SuptnIly

and IManagemeLnt 3 (1979) :117-29.

A brief introduction describes both the dependence of water-use forecascs

on accurate knowledge of the nature of water demands and the factors which

determine them. Brief annotations are provided for 67 articles and technical

roports analyzing the uemand for water in municipalities, agriculture, and

industry. Thesl articles ind reports represent the work of more than 100

authors in 15 -ountries.

53. Mitchell, Bruce, and Paul H. Heighton. "A Comparison of Multivariate and

Trend Forecasting Es~timates with Actual Water Uise." Water Resources

Bulleti-n 13, no. 4 (August 11377) :21(7-24.

This paper presents a disagIgregjated requirements approach to water

demand forecastinq for a preposed 427-acre subdivision of 13arrie, Ont. The
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estimation is based on number of housing units, number of different housing

types, lot size, and population size. Average water requirements for particular

uses were estimated at a very high level of detail, including a small-sclae

survey of water-use behavior and analysis of actual water use for given purposes.

According to tha results presented by the authors, conventional trend

extrapolation was sufficiently accurate for this small area.

54. Morgan, W. Douglas, and Jonathan C. Smolen. "Climatic Indicators in the

Estimation of Municipal Water Demand." Water Resources Bulletin 12,

no. 3, (June 1976):511-18.

The purpose of this paper was to determine the regression estimator most

representative of climatic variation in one common data set of monthly aggregated

municipal water use for 33 cities in southern California. A total of 396

cross-sectional observations of average price and income for each water district

in 1970 were analyzed. Three alternative climatic indicators were tested:

(1) temperature and precipitation, (2) potential -vapotranspiration minus

precipitation, and (3) monthly binary seasonal variDles.

The results of the analysis have shown that both the first and the

second models perform much better than the model using seasonal binary

variables. In terms of economic responses, the study confirmed that the

price elasticity of seasonal water use is hiqher than other municipal water

demand elasticities.
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55. Morris, John R., anid Clive V. Jones:. Water for Denver: An Analysis of

the Alte-rnatives. Lnvironmonta). Defense Fund, Inc., 1980. 159 pp.

This report contains the res ul ts of the Deniver Water Consc-rvationl Study

performed by the University of Colorado, Denver. The study is basedl or)

questionnaire data from bill tid tax ass essment of 889 single-family re s-

idential customers c< rved by 14 water districts in the Denver metropel itan

area. Information was (701le(cted on over 100 variables for the base ye.ar

1976.

Two econometric de~manid models, were dex!welolped. The first mode.l 6ievel -

oped for 384 household; (ex(:uici 00hIou.-P0 ild;' iromn flat-rajte isrit; is:

=68.7 - .96 PI<ICE + .43 INCOME + .59 L PACE:
(2.1) (-2. 3) (1.7) (2.8) Ct-statistic)

where

Q average annual household water consumption (thousands-

of gallons)

INCOME =average family income (hundreds of dollars)

LSPACE average residential lot size (hundreds of square feet)

PRICE price given in (,/1,000 gallons determined in each district as ' the

cost charcred for the final 1,000 gallons consumed each hi .1lineo

period during the irrigation season.

The coefficient of variation for the equation, R 2 is 0. G5, anId V'

statistic 10.55 with 17 degrees of freedom indicated that iidependen)t.

variables of the equation are related to Qwith a prebabilit' xcdu

A second modelI was specified based on data for each i nOi vido)11

household wi th in the sample of metered s;ingle famil1y residences,;. TI) i-

model included 11 explanatory variables.
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Further information on the structure of demand is provided by 2

additional regressions estimating indoor and outdoor uses specified on a

sample of district wide averages. In these (-stimations price variable was

found virtually insiqnificant for indoor consumption and significant for

outdoor use (elasticity equaled -0.73).

56. National Water Commission. "Forecast and the Role of Alternative Futures."

Journal of the Water Resources Planning and Management Division of

ASCE 102, no. WR2 (November 1376):365-83.

This staff paper contains a general discussion of forecasticg future use

and supply of water on the nationwide scale. A review of previous water resource

forecasts by the Kerr Commission, the Water Resources Council, and the USGS is

presented. Those forecasts have generated widely ranging figures depending

on the underlying assumptions.

According to the existing need for forecasts useful in policy making,

the commission has rejected a single "most likely" forecast in favor of

separate "alternative futures." This concept recognizes that the amount of

water used as well as supply availability is dependent upon policies adopted,

future socioeconomic phenomena. etc.

The procedure proposed in this article involves 2 steps. First, 3 to

5 "alternative futures" are developed, each of which is described by the set

of assumptions encrmpassing population growth and distribution, food and

fiber production, income distribution, national economic efficiency, Iiffe-

style changes, and various means of developing, usinq, and conserviniq watcr

r(,sourc(,s. In the second step, forecast-; of water us(, for each future are made.

This forecasting approach was expected to provide the commis;ion with a tool

for makinq sensitivity tests of a variety of as!nru't ions.
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57. Primeaux, Walter .1 , I and Kenneth . Io Iman . "Factors Affecting Resident idl

Water CoIsumption: The Manaqrial Vitwpoint." Water and "ewage Work.;

(1)74) :R 138-44.

This art icle presents the anal yss of rs ident ial housiehold wate r use

based on cross-sectional data obtained through surveying 40'- .;inql- family

households distributed evenly amonci each of 14 ,Ississ i citi e: iti 1171. Tiie

price charged per gallon and the monthly consumpt ion cr earh household wore

obtained from municipal water meter records in each city.

The household water demand model utilizs 13 ind'pendent variableso.

These are number of persons, number of bathrooms, dishwashers, washing machines,

existence of swimming pool, irrigable areas, market value of residence, average

maximum temperature, annual precipitation, education, aqe of head of household,

race, and price. The latest variable is taken as the price of 1,000 gallons

of water at the mean level of consumption in each municipality.

The authors obtained a R2 of 0.56 for a linear equation when all variables

were included; withdrawing the variables of race and age had no significant

effect on R2 . The demand model utilizing only 3 independent variables (number

of residents, market value, and price) explained 47 of the variance independent

variable.

58. Rees, Judith A. Industrial Demand for Water: A Study of South East

England. London School of Economics and Political Science. London:

Weidenfeld and Nicolson, 1969. 194 pp.

This book contains an analysis of industrial water use in South

East England based on a questionnaire survey of a random sample of 253 man-

ufacturers in the area administered durinq the spring and summer of 1966.

AN .d" I
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The author has analy,:ed tHi(- use s to which manufacturing i ndustry put-

water, the s4ources from which the d(hmand for water is satisfied, th( fa(ctors

which determine the quaitity of water taken by firms in tiet various

industry groups, and also tho effect of water avai labilit on inda-sI ri, ]

location. The results of this analysis were used to analyze possible, future

trends in industrial demands for water.

The following table summarizes the author's findinos concurning estimates

of the minimum water requiroments of firms (only water purchased from tie water

supply industry) in various industry groups:

Best-fit

explanatory [,eve.l of

Industry equation Explanatory variable((s) explanation (.R-

Chemicals Q2 a+bT tonage of raw materials

Food Q a+bT as above

Metal and metal
products Q2 = a+bE 2  number of persons employed

2
Other (leather & 02 a+bE number of persons employed

fur clothing &

textiles timber &

furniture, printing)

Lower levels of explanation for explanatory equations for purchased water were

found for

a) drink industry, Q = a+b log Pm' R2 = 36.3L, Pm= price paid for

gallons for metered supplies of water

b) plastics and rubber, Q2 = a+bE+cT, R2 = 41.5'

c) paper and products, log Q a+b log P + c log QA, Y3

P = price paid for all purchased supplies per 1 ,000 gallons

QA = quantity of water privately abstracted by firms

d) nonmetallic minerals, C) a4bE, R 2 6 7.2' ,

e) enginecorinq (precision plus mechanicals), lo q 9 14b loq P 4 c

log QA, R2 44.'.



iut hor j- folinki that ove~r the paIk St 10 y:ars manufaCtur ,C iT the

iti 11\ " 1a hav exoirided their Water U ;a , by approximitely 2: minu,1l y,

cuI lil,; at mnaqnI- expected t hi -, rate to dec rvaso- dowi, to 0I do r inq

th- n,.Xt 1i, ,',r. Sh, al- o oncluds th-it litl],c evidence exist 0 tosiqqtst

tuiiit the 1ViIdlat1 1jty Of wIt ,r 1,I(.in it ic.l will inclese in imporl'inct in the,

locat iolal ofis jo,,no ti ms.

. id, ;eo r q W. "Molt ist rutured Munici pia Wator 1(,ai-,a! d l od,, ." Wat er

Resource B Ih(lot in 7, no. (i,(coHer 1971 :1 -4

The theoretical_ forecast i nq app roach ) rol ;d b,, fhe- aut Ior o F t h is

art i c is based on the application of c-onometri( techniques which would

predict the values of explanatory variables requiredt by any do.min rqoirement

model. The model is composed of economic, population, reconciliation, and

life-style submodels and it is qoal oriented. The forccastinq proc,--, he.c.in

with the determination of "people needs" which, in turn, are [l1(d in the

context of the management of critical resources for beneficial uo,

The author admits that the model is determinative in some asp,-t ,;o

probabilistic or stochastic: in others. This must be so, it is st.at(d,

the accuracy of water demand forecast cannot be better than the preent

predicting power of macroeconomic theory. There is hope that new computel

capabilities and econometric techniques will siqnificantly improve in tie

near future.

This article contains valuable theoretical considerations which may con-

tribute to general foreca:t inq techniques.
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~l Sv;t rl t-, 1 ihi I it i,-." '' le itn vt ti iw tr'' u1Ai it.,; Divi v

Titi ; tuidy cont ai is an ,mp ir ii I i iy 1 5 io mIii ri ii Wit r r, I i 1ie 11rint

vc, 30t j oli5 Ct ijematids and do fi (7i t 1ev ftr L years; 1 )0and 2f' ar. .1

I ivo is -omiuavi t y wit or suppl i ,-;. The Pro ie i on. ar Ase :,r Irri y ('I,

popuoIat ion eat ima tcs famni shed by IllI inei. gtoverntment. oiedei til eam

inatiori of wate-r ponipare'- datai the aut hors- have de~vulope(d ro"ast!hat permi~t

ea.ai det ermina0t ion of tot. ore water use liin1 d insj dir:f rm i nat io i of av> rd :

daily arid maximum daily pUrnPaqe).

61l. Romm, J, rri K. "Water Supply, Land Us;e, and Urban G.-rowth1" Journlal ofte

Wa tor Resources 11anagement Division of ASCE 103, no. %,,72 (November

1977) :271-84.

The general thesiis; of this article is that land-use proeot ions are, more

reliable than population projections for the determination of Future Water

requirements. This approach is adopted to water-supply plnni ii; by the Santa

Clara Valley Water District in California. It is suqgestd,( that- the anlys~r-is Of

residential, induistrial , arid agricul tural land-use combi nat 10115 possible With

available water supply be first performed, and next, a s ,t of commuinity tioals

be established to bes;t fit available supply.

Although the above implies that water supply is the primary determinant

of growth, a igqhly controversial protiition , the program desqi grid by the

district to pro ject futuore waiter use sems to be of real va lue. It pro leets

spatijal di stri but ion Of ariial water demaiid for a 2)-year period iii Santai Clara

Val11ey County . The forecasat ing proc eons eoins istts of 2 compone in t 11: (1) t a)k j not
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s;tock of al Iant icipatved 1lnd-uaeciiii for e-a'li var t (. ()oM,

basod on pa ret 1 -y-parc,:1 inve-ntory by wit r cavl aria a111drnmi

of uiti water ussasauociated with eann ii'w land une(. T1ICr., -oar, 13 a t eno Jr i

s s no~i~ b lan 13 )d ) m:i w ithI furter L I .I aY r(;It ion 1 o f r en i der, " I i e c

den a it y Vicsse h model u ars a tTify-cori!umptioii r 1 at ion -Ii frs r

r c (I I~ t ia 1 wa t or - uiso pro oa((,t I onT.s,-! use( no r uemp loyee i t 1n ,o cif

-nmfercia 1 consumpt ion. Aer i cu)tir ca] ,S, i a proj ectod onl the has ,i a ofwae

use io r acre for individuala os

The article does o ai i; ritof the functiona l forms or coo ffi cienlt a

o t the proposetd model . Ti, ! ati at. ar-reporte-d to be inc-luded in r, laste r Plaln

E.-xpansion of To--County v Satf r '-j r t tiition System. prepared by the, distric:t in

thu December of 19)75.

62. Sc-haake, John C., Jr., and David C. Major. "Modiel for Estimating Regional

Water Needs." Water Resources Research 8, no. 3 (Julne 1972) :755-59.

This artlcle des-cribes, (in general terms), a Fortran IV' computer program

used for est imatint; future demands or requireertS for vat(-r in th- n)O subbasins

of the North Atlantic Reqion of the United States. vTe wat(er flow requirements

(water demands-) are- di siriteqrated by qonahcarea, e-oniomic s -cator, and wateor

quality type. Thoro are also 9) categories7 of wa)tetr useI, icdii totals and

some inritnti onal11y overlapping classes.,. The modca 1 i roj c.t ions of

I reg,,ional product , population, personal itnsrs , anci water wit hdrawa I eoeff ici onts

within each region, and] it produces est-imatos , bLv Is(t-nd markers of water

demands di saggreqated by the above agois

One of the 6 subroutine-, of the program gorierat,! cc ,; ei i mted ol filtliii'

muni ci pal and industrial water demands La sod on pepu lit ioni Se -rv d in,! ' II aIit a

I income for eac:h subbas;in. It uses; a regrersion equaitionl do ii od fl-, *
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tA o thr or Uh 10 tti t Ip t g the Md I t t r t Ut p I 5ALt I I' f n oara I j(ITT,

at-ueCoCWfICIeii1t 'fit, dol Ia r ou t plt i ai cr ivo frrn it iitt At-coitLi

t abl( for t it, NAP.

A deat ail ad ed ri pt iokn of th, mod' I , nd da ta rtcgu 1 rmn iL in hf, found

it)1apendix T of the' C i tad States; Arm,.' Corps of Lnia aNnith Atlantic

Ike ion Study Reoart.

6l. ziw-ll, W. R. Derrick, and Leonard Boeocht' "Peak Load Pricinci and (trban

Water Management : Victoria, P. C. , A Casec Study.' Natural Res ources-

Journal 14, no. 2 (July 1974): 384-40U.

This article prescnts a brief discussion of the the(ory of marciinal cost

pricing which is next applied to peak load pricingi in municipal water suppl\'.

The authors iilustrate these pricing ruleas based on a simulation prociram !(-veloed

for the CGreat Victoria Water District, Victoria, B.C. Prior to this;, they develoc

separat -demand functions for averagle annual , peak (Junt,-August) , off-peak , and

mid-peak (May and September) water uses. Prictes, income, average sunmmer tenper-

ature, and average summer rainfall are used as i ndependent variables. Mid-peak

and peak prices for water were obtained by allocat ing the, capacity cos ts bet we n

mid-peak and a peak period according to thcir relative cent ribuionl to the total

period (30'! for mid-peak and 70G for peak dematid).

The demand model is defi ned quanti tat ively on time-series; dat a for the

years 1954-70. The results show that the demanid for water for rsdn a

purposes is moderately intelastic (Id ast icit ioe from - .318 to - . 568) when

cons ide red on an overall arnnad b as is . The !;iti I at inn an~al y! is !;howed that the



appli rat ton of sea11.niii ler i ce ov r l w :r iod laG7 -70 Woud -I (I t1 ld Ita

reductionu in jeak demanl&; rarqiku from -7. 3 h) -5.4 ,(.recnt , and i ri. i .

inc'rea>;c i n off-peak demand.

Tit art i ce a I so con t a i ; a ;;ummary rv iew of I.? urban i;ir dwimtd

studies carried out before 1974.

64. Sonnen, Michael B., and Donald L. Ewvnson. "Demand Project ions Consider in,

Conservation." Watter Res. ources Bulletin 15, no. 2 (April 179) :447-).

This article describes a wate.r demand model which is disaqgr,.ated to 40

land-use: categories in any of 35 census tracts in each of 10 larqoor areas of

the Island of Oahu, Hawaii. The model was developed by Water Resources

Engineers, Inc., for the United States Army Corps of Eiuniru.ers, Pacific Occ an

Division, in 1977.

The model calculates a total average monthly water use, usin; the followinq

functional form:

Q [UI x WR x UF x (I-CI) + 27,152.4(UO-G) x A x EA x (1-C75)]

PR+OP+E (PR-OtP) -

PR+OP-E(PR-OP)

where UI = the number of units using water in a given land-ase 0t-t;ory (homes,

people, 1,O00s of square feet, hotel rooms, or acres), Pt- th averaq( us rate

(gpd per dwelling unit), WR = seasonality factor for indoor usafit (ratio of water

use in each month to water use in average month) , CI = anticipated av raqe

annual indoor conservation fraction in future year. In the second part of the

equation describing outdoor use, the oxpress ion (WO-;) measures monthly

requirement for irrigation water in inche.; (total requirement minus preci-

pitation) in each month, A the gross area in acres, EA = the fraction of

irrigable acreage, and CO the outdoor conservation percentage in future
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y't.ar i;. The third expre ;sion; takes account of price effect on water use,

whi'ri. P'R - current price of water, OP = all older price of water, in a

Ptvious year in the stimulated prediction period, and F =- the elasticity of

demand with respt-ct to price. Finally, the last expression excludes the

fract ion of totail watr demanded that is. supplied locally.

Altlhough t hi ; model .seems to be straiqhtfcVward, it. requires an unusually

large amount of data, including price e las;t icities for each land-use category.

The authors admit the difficulty arnd arque that- choos;ing the num,,rica l conser-

vation tarqet to be achieved i:; more mearingful ard :,ields; more .iredictable

results than price or price elast icity maniT)ulat io-.

65. Sonnen, Michael B., and Donald E. Evte rsoni. A ode I for E.;timating Water

Demands. Walnut Creek, Cali f. : it r f, L'res FnEineers, Inc.

May 1977. 52 pop.

This report describes an appll icat irin at 'cm[,,ute.r kprogram developed by

Water Resources Engineers, Inc. , for predicting urban anid acricultural water

demands. The model is based on a number of usa,]e, geographic, weather and

economic variables. It is described in greater detail in the publication

"Demand Projections Considering Conservation" (Water Resources Bulletin

15, no. 2 (April 1979)).

This publication contains an actual computer output of the program when

applied to forecast water demand for the Kaneohe Bay (Hawaii) area. Based

on population and land-use information for the base year 1976 and the projected

values of these variables for the year 2000, water demands for these 2 years and

for 5 intervening years (1978, 1980, 19R5, 1990, and 1995) were calculated.

Water demands for each month by land-use category for the years 1976 and 2000

in 3 sectors of the Kaneohe Bay were also calculated.



The iut hors have alIso per formed ;impc esens ,it lvi ty anla 1yse S of t he basi c

detmand fuuint ino h,, di f F(rotlt i.It iniq it Wi th rscto tO ach varitAblc aitd showinq

how to 'ei,v'it t t he rena t o t h- an it t o errrt change( ill total demanld

ten I , i n t he vai I an, of each input var i ible(,.

% n n i. J. 11. , 11nd 1). J. Anto-li ffe. "A Technique for the Prejdiction of

W\.;t-~ X'om,t from t 0 tConsumption Dit a. " Journal of -the Institution

UfWi*,c B no. 8 (November 1974) :41 3-2Q.

ThiL i rt 11 n pres;ents a mathematical description of t ime-seri e- data nn

water coiumt n t ii izinaQ it to) predict the average- monthly consuopt ion) of

water inl a mi x, riiral and industrial wate-.r-use, area. Act ualI constiopt ion

data, used to illustrate the methodology, consist of total daily water consumption

averaged over each month from 196'-1968. The author,- applied both linear

regression analysis and spectral expansion by orthogonal functions a,,- prediction

methods. (The latter estimator is capable of following seasonal variation

in water uso) .

Comparison of projected and actual total watcer-use patterns by month in

1968, based on the 1963-67 data, revealed a mean error of il.29 (averaged over

12 months with a maximum of 3.3%) for 1 month ahead rising to approximately

1.%for 12 months ahead.

67. Stevens, Thomas H., and Robert J. Kalter. "Forecasting Industrial Water

Utilization in the Petroleum Refining Sector: An Overview." Water

Resources Bulletin 11, no. 1 (February 1975):155-63.

In this paper various factors affecting water use in the petroleum

refining industry are investigated. Included among these are the price of
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water, environmental quality legislation, and technological factors. These

factors are also used to determine their impact on water recirculation within

the industry.

Based on these analyses, 2 alternative water utilization for(,c:acts for

the domestic petroleum refining sector are developed for the years; 198s and

1985. The first forecast assumed that average water withdrawal; 1,(er barrel

of crude oil will remain at the current level of 378 gallon. pe(r barrel. Th-

second alternative assumed that cooling towers are utilized by all refineries,

with a 15 recirculation ratio, reducing water use to only 88 gallons per

barrel of crude.

P. TIate, Donald M. Water Demand Forecasting in A Regional Context: Theory

and Practice. Canada: Department of Fisheries and the Environment,

Inland Water Directorate, Water Planning and Management Branch, 1977(-?).

This paper discusses a case study of the Great lakes as an example of

water demand forecasting in regional context.

Water-use forecasts for the 42 counties in the area are based on a per

capita requirements approach, using a previous survey of municipal water use

to calculate the coefficients of water withdrawal per capita for individual

municipalities. The domestic and commercial water withdrawals were computed

separately. Losses were estimated at lOt of domestic plus commercial and

institutional withdrawals. Consumptive use was taken at 15" of withdrawal.

The author demonstrates the difficulties in obtaining all input data

required by more sophisticate(. forecasting techniques; he also emphasizes

the role of as sumptions concerning economic activity and technol oqy of water

i "~
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69. Tate, Donald M. Water Use and Demand orecasting in_C,anada:__ A keview.

Ottawa, Canala: Department of Pisheri es and the rinvi rornment

Inland Water Directorate, 1977.

This paper reviews the state of the art of water demand forecasting and

water-use studies in Canada. The author provides an outline of the concepts

in forecasting which include (1) the alt- rnative futures framework, (2) the

spatial disaggregation of forecasts, and (3) the usefulness of the system

approach to the subject. Some general points concerning these 1)rocedures, such

as the need for practicality in formulating new methods, the role of water

pricing, economic interrelationships, and the role of technological change,

are also considered.

The review of several water management projects in Canada has shown that

the most frequent approach wa.s based on per capita water-use coefficients

(requirements ap)roach). The use of input-output methods or the alternative

futures approach has been attempted; however, these methods are not widely

accepted.

The author concludes that the newest approach being taken to water

demand forecasting in Canada is based on systems analysis. It analyzes basic

data on population and industrial production under alternative growth assump-

t ions and disaggreqates these data to river basins and further to local regions.

Next, these data are used as inputs to detailed sector-by-sector forecasts

at the local level includina municipal, industrial (manufacturing, mining,

agriculture, energy generation, and naviqation), and recreational water demands.

The last part of the paper outlines models proposed for general use in

Canada. Municipal water demand for all Canadian municipalities over 1,000

persons is to be analyzed by separate consideration of residential, commercial,

industrial, and institutional sectors. Municipalities under 1,000 persons
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are to be dealt with using coefficients of total water pumptcd per capita.

Inputs to the individual community models will be derived from the populdcion/

agricu' ture component of the national/reqional model and other data reallired

only for the municipal mode.

The extensive analysis of water demand forecasting in this paper was

dictated by the fact that it was prepared as part of a multicountry review of

this subject by the International Institute for Applied Systems Analysis.

70. Thompson, A. G., V% E. Smith, and W. R. Colvin. Development of Commerciol

Institutional Parameter Units for the Main II System of Water Demand

Forecasting_. Laramie: Water Resources Research Institut(, University

of Wyoming, November 1976. PB 263 493. 55 pp.

The primary objective of this report was to provide a method of estimating;

commercial/institutional parameters for the MAIN II (Municipal And Industrial

Needs) water forecasting computer model where data are not available. This

modification was based on data collected from 20 cities west of the Mississippi

River ranging in size from 2,500 to 300,000 in population. Data on commercial/

institutional water use included 28 categories and their associated parameter

units.

The authors incorporated a subroutine in the MAIN II mode] which

estimates missing data on commercial/institutional values using linear relation-

ships between population and category parameter units. The modified proqram

was applied to three test cities (Billings, Mont.; Twin Falls, Idaho; and

Kimball, Nebr.), and it gav, estimates of 1975 water use within l)t ol- the

actual usage.
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71. Thompson, R. G., M. L. Hyatt, J. W. McFarland, and H. P. Young. Forec~stin

Water Demands. Arlington Va.: National Water Commission, November

1971. PB 206 491. 377 pp.

This report describes models for forecasting water demands for agriculture,

steam-electric power generation, petroleum refining, and residential use.

Emphasis is on rationale and technology of forecasting rather than on absolute

numerical values. The report shows how forecasts vary according to the

directions that may be taken by policy, technology, population, the economy,

and other basic variables. These different possible directions are termed

"alternative futures."

Through use of a model developed by Wollman and Bonem alternative national

forecasts of withdrawals and losses of water in agriculture, mining, manufacturinq,

power plant cooling, and municipal purposes, as well as use of water for waste

disposal, are presented fnr the year 1980, 2000, and 2020.

72. Thompson, Russell G., and H. Peyton Young. "Forecasting Water Use for Policy

Making: A Review." Water Resources Research 9, no. 4 (August 1973):

7 92-99.

This article presents a linear method of approximating derived demand

functions for water in agricultural and industrial production. The authors

review the basis for estimating withdrawal, consumptive, and disposal demand

functions which relate water use to its price and to prices of all other

inputs. Demand functions are sighted from other studies which indicate that,

for example, withdrawals by electric generatinq stations for once-throuqh cooling

would be lowered 98% if a price of 0.5¢/1,000 'jallons were imposed. This use

accounts for nearly 25% of all freshwater withdrawals in the U.S.
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Two important applications of these demand functions are (1) alternative

projections of water use, and (2) a basis for evaluting proposed investments

in water resource development which should be justified by the economical

value of the water provided.

73. Turnovsky0 Stephen J. "The Demand for Water: Some Empirical Evidence

on Consumers Response to a Commodity Uncertain in Supply." Water

Resources Research 5, no. 2 (April 1969):350-361.

This paper estimates some demand functions for domestic and industrial

water based on cross-sectional data from 19 Massachusetts towns for the

years 1962 and 1965. These years mark the beginning and the end respectively

of the 1960s New England drought. The author attempted to take account of

the uncertainty of water supply present during the drought period.

It was found that per capita domestic consumption (actual and planned)

was significantly dependent on price (elasticities from -0.049 to -0.406),

average housing space in a town, and supply uncertainty as measured by supply

variance. For industrial demand only price and "uncertainty" were significant

(price elasticities: -0.473 to 0-839).

74. United Nations. The Demand for Water: Procedures and Methodologies for

Projecting Water Demands in the Context of Regional and National Planning

New York: Department of Economics and Social Affairs, United Nations,

1976. 240 pp.

This report was prepared by an Ad Hoc Group of Experts on Water Requirements

Forecasting convened to suggest principles and approaches by which current prac-

tices of projecting the demands for water could be advanced to meet more closely

the increasing need for efficient use and protection of the available fresh-
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water resources.

The following are the scope and objectives of the report: (1) to outline

the conceptual and procedural frameworks for water demand forecasting, (2) to

review basic methodologiial approaches and techniques applicable for fore-

casting the various categories of water demands, (3) to review and disseminate

indicative data on specific water uses and demands to facilitate tentative

projections, and (4) to assist national and regional Governments in e:stabiishinq

institutional frameworks and the data base for projecting the demands for water.

The major conclusion of this analysis relates to the role of projctions,

in policy formulation. It recommends that the basic aim of projections should

be to outline the consequence s of various assumed development patterns and

alternative policies rather than to predict or predetermine a single most

likely or most desirable course for the future.

75. United Nations Conference Secretariat. "Resources and Needs: Assessment

of the World Water Situation." In Water Supply and Management 1, pp. 273-

311.

This publication contains an overview of the world water situation

including assessment of freshwater supplies, assessment of water use and

demand, and discussion of demand/supply relationships.

Under the demand section, the report summarizes what is known about

total water uses for several components of demand and evaluates the applica-

bility of this knowledge for assessing global water demand.
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76. Weeks, C. R. and T. A. McMahon, "Urban Water Use in Australia," Civil Engineering

Transactions Australia: The Institution of Engineers (1974):58-66.

This paper presents results of a survey of urban water use in Australia,

based on data collected during the late 1960s. Factors influencing per capita

municipal use are examined, including population size, presence of metering,

water quality, and climate. Forecasts are prepared for 11 Australian cities

using a simple trend extrapolation approach. Monthly water use is forecast from

multi-variate regression models which include monthly rainfall, mean maximum

monthly temperature, number of raindays, and pan evaporation as explanatory

factors.

An investigation of household water use is reported, based on data

collected for five small study areas in Victoria. Per capita use is expressed

as a function of number of persons per housing unit, and both seasonal varia-

tions and peak day use levels are investigated. A survey of water use by major

industrial firms in Melbourne is also reported. Water use coefficients, based

on units of production, are calculated for 29 industrial categories. Australian

results are contrasted to corresponding data reported for the United States

and the United Kingdom.

77. Whitford, Peter W. Forecasting Demand for Urban Water. Stanford, Calif.:

Stanford University Report EEP-36, September 1970. 221 pp.

The author's purpose is to develop and demonstrate a model for fore-

casting residential water use. The model incorporates an uncertainty factor

that takes account of various future water management policies that could

be adopted. Four case studies (Baltimore, Kansas City, Phoenix, and Seattle)

are used to illustrate the model application in forecasting water use in

the year 2000.
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The reported alternative foreca;t of future water use result from

various assumptions concerning the outcomes of the following six factors

that may affect water use: (I) regulations on the water use of appliances;

(2) the type of pricing policy that is adopted; (3) policy on public educa-

tion (water consorvati-ii); (4) the housing patterns in the future; (5) the

cost of c upply; and (6)changes in the technoloqy of use. Two or 3 outcomes

arc considered for each of these factors, and probabilities of occurrence are

subjectively assigned to each outcome, allowing a probability distribution of

a given future water use to be drawn. This is done by multiplying conditional

probabilities assigned to each policy outcome and ascribing it to an appropriate

level of water use.

For each case study the cumulative probability distribution curves describe

the probability of any given per capita water demand in the year 2000. A "base"

line estimate is determined by such water utility data as population served, the

average annual and seasonal consumption of water (disaggregated into residential,

commercial, industrial, and other), and the water rates.

78. Whitford, Peter W. "Residential Water Demand Forecasting." Water Resources

Research 8, no. 4 (August 1972):829-39.

This article provides an excellent discussion of the water demand fore-

casting problem, and it describes a methodology for forecasting urban residential

water use which incorporates the development of "alternative futures." The

"futures" are projected based on the 2 or 3 outcomes of each of the following

factors that may influence futire water use: (1) regulations on the water use

by appliances, (2) types of pol4 cy pricing adapted, (3) policy on public

education (4) future housing patterns, (5) cost of supply, and (6) changes in

the technology of use. Thus, the forecasting method incorporates potential
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water conse rvation proqrams ite en :t imat ,;.

It should be noted that the aut hor is primari ly eon(,rr,-d wi t!t fa't or., ,r

variable,; which ar(, not significant or wh ich do not .xio;t It t 4r, (A

proposed model mar be treated as a tool for fenirat ini a -i jrcb-li I '? (ii:t riLut 11)!1

of t he future water demand, once a singl( -number bas( lin. fo,.e t i

b% using standard methods.

The propos;ed model is demonstrated by forecasting water dcm,ind for t):f.

cities of Phoenix and Baltimore for the year 2000. Data on prc..u-nt

water use, obtained from water utilities, included such items as peo!ilatrio

served, the average annual and seasonal consumption of water (disaeqr gated

into residential, commercial, industrial, public and other), and th water

rates. Tho base line estimate for Baltimore was obtained hy projecting br

1985 forecast of Hittman Associates (usingr MAIN II system) to the ycar 20-)).

The base line forecast for Phoenix was estimated by compariii the rate of

growth of per capita residential demand with that of Baltimore.

Whitford's model should prove very useful for policy making purposes

since it incorporates the concept of alternative futures.

79. Witli;ie, Roger H.. and Harry L. Pratt. "Water Use Relationships and Projection

Corresponding with Regional Growth, Seattle Region." Water Resources

Bulletin 10, no. 2 (April 1974):360-71.

Thin; article briefly outlines both the methods used and the results

obtained in a study of water-use relationships and future demand for water

for the Seattle region. Water-use analysis is based on billing information

which was disaggregated into 6 customer classes (single-tamily residential,

multifamily residential, industrial, commercial, public, and miscellaneous)

and 14 water-use subdivisions. Only residential water use was analyzed
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i ntens i ve y-

A cross-sectional reqression analysis of residential water u.me was I cr-

formed for the 1972 time period, using water use per person by type of residence

and by season as dependent variables for each subdivision. The independent

variabiles were average income per person per year fcr each water-use area

and average lot size per person (for single-family residences'. Only the

single-family regressions were found statistically significant. Income

elasticity was estimated to be approximately equal to 1. Use of water by

multifamily residents was found to be unresponsive to changes in income.

Industrial and commercial water billing information ,as compared with

employment to yield the coefficients of water use per employee. Public and

miscellaneous categories were identified with residual water us., (21-) and

assumed to be in the same proportion in the future.

Time-series analysis of total annual water consumption in Seattle for

the years 1950-72 was also performed, using population, summer temperatures, and

summer precipitation as explanatory variables.

Based on the results of these water-use analyses together with projected

future levels of population, employment, income, and lot size, future disaqgre-

gated water demands were estimated through the year 2000. Water demands were

also estimated under alternative regional growth assumptions.

80. Wolff, Jerome B., F. P. Linaweaver, Jr., and John C. Geyer, Commercial Water

Use, Technical Memorandum No. 27, New York: ASCE Urban Water Resources

Research Program, American Society of Civil Engineers: 67 pp. (reprint

of 1966 report by Dept. of Environmental Engineering Science, The Johns

Hopkins University)

This report presents the results of an intenn;ive study of water use

for 186 commercial and institutional establishments in the Baltimore (Maryland)

........................ ' ............ .... ....................- " -- l,,'¢'"
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81. Wonq, S. T. "A Model on Municipal Water Demand: A Case Study on Northeastern

Illinois. Land Economics 48, no. 1 ('ebruary 1972) : 34-44.

This article presents reqressions of municip-al residential water con-

sumption on price, income, and averaqe summer temperature for Chicaqo and

outside communitis. The analysis is performed on data obtained from the

Department of Watu r and Sewers, City of Chicaqo, and other 1o-al aoencies.

The data characteristics are not discussed in detail.

The results of time-series regressions (1951-61) ,in the, ChicaqIo area

showed partial R',s of income and averaq, summer temperature of 0.74 and

0.77 respectively. Price was found insignificant (elasticity -0.02) for

Chicago, whereas, it was siqnificant at the 5':, level for the out side comnun-

ities (elasticity -0.28). For those communities,, averaqe summer temperature

had the most siqnificant effect. The --'ther suqqests that a partial flat-



ratc pricinc policy and otherwis(- very low priuce of water wo:re, r-,+n .ibl(

for the insignificant effect of price on water us(_. in Chicago. A og -

linear functional form was used.

Four cross-sectional regressions of rp iehnti a ;e r c(ai-itd sior us- on

price and income were performed for 103 oridnit is (ct r(tified i!,to 4

community site (jroups) , giving price t1 ,i ;ticit ies raniqni from - 1. to -. 2E.

and income elasticit ies of 0.48 and I. s3. The.st. valu's Art compared wi t hi

results of 17 previous studies of those variabi,.

82. Yamauchi, Hiroshi, and Wcn-yuan Huang. "Alternative Models for E stimati!ts:

the Time Series Components of Water Consumption Data."

Resources Bulletin 13, no. 3 (June 1977):599-610.

The authors of this article demonstrate the application of various

statistical techniques to the analysis of water consumption data. The step-

wise regression method was applied to 187 data points (January 1960 to July

1975) representing average daily water consumption within the service area

of the Honolulu Board of Water Sunply.

The authors use both additive and multiplicative models to analy'ze the

trend, cyclical, seasonal, and irregular components of the aqgr(,aated demand.

83. Yarborough, Keith A. "Analysis of Seasonal Water Consumption in Danville,

Ill." Journal of the American Water Works Association 48, no. 5

(May 1956) :479-84.

The author's purpose was to determine seasonal water consumption in

Danville based on house meter records for the summer quarter (JuTic I-

September 15) and winter quarter (December 15-March 15) for the period 1950-55.
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Alt hou,11 tht, concl usions of this ,t udy arc very generari] it i imprt l~ilt

to note- that the author attempted to take account of potontially important

variable-; explaini iq wat-or use. Cl imatoloqical fact ors (or weather coinditVions)

and assessed-property evaluation are considered for each of 5 water-uise zones.
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